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qqh500 Analysis with TMVA 

• TMVA(BDTG) analysis has been performed. 

• 14 variables 

– 𝐸vis、𝑃𝑡、 𝑃𝑡 all  

– 𝑀𝑍、 𝐸𝑍、cos 𝜃𝑞𝑞 、cos 𝜃𝑍 

– 𝑀𝜏𝜏、cos 𝜃𝜏𝜏、cos 𝜃acop、d0sig、z0sig 

– 𝑀col、𝐸col 

• Training parameters 

– nCuts = 45, Shrinkage = 0.20, MaxDepth = 3, 
NTrees = 300, nEventsMin = 250 
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Result 
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Nsig = 695.1, Nbkg = 335.8 
𝑆

𝑆 + 𝐵
= 21.6𝜎 ↔

Δ 𝜎 × BR

𝜎 × BR
= 4.6% 



Summary 

Asian Physics & Software Meeting (2015/Jan./16) 4 

Cut-based TMVA 

Significance 
Δ 𝜎 × BR

𝜎 × BR
 

20.1𝜎 
5.0% 

21.6𝜎 
4.6% 

relatively ~7% better 
in TMVA 
not so changed from 
previous results (4.7%) 

Next: 
- analysis of other modes (nnh, eeh, mmh) 
- more study of tau finder 
   --- current eff. is 49.8% (reconstructed 1 tau+ & 1 tau-) 
   --- eff. of 1 tau+(tau-) reconstruction = 70.6%(70.6%) 



BACKUP 

Asian Physics & Software Meeting (2015/Jan./16) 5 



Signal & Background 
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Signal 
𝑒+𝑒− → 𝑍ℎ → 𝑞𝑞 𝜏+𝜏− 

Main Background 
𝑒+𝑒− → 𝑍𝑍 → 𝑞𝑞 𝜏+𝜏− 



Simulation Samples (500 GeV) 

• generated signal samples (w/ proper tau pol.) 

• available DBD (TDR) samples 

– 2f, 4f, 5f, 6f, aa_4f, higgs_ffh 

• aa_2f SGV samples 
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Event Reconstruction 

• Previous procedure: (1) kT-4, (2) tau finder, (3) 
Durham-2 

– But clustering is not perfect. Some of the physics 
signal objects will be lost by applying kT clustering. 

– How to optimize kT? 

• Current procedure now I’m trying: (1) tau 
finder, (2) kT-2, (3) Durham-2 

– need optimization of tau finder: do not 
reconstructing overlay objects as a tau jet 

– optimizing kT is easy & clear, using Z mass 
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Optimization in Tau Finder: Example 

Asian Physics & Software Meeting (2015/Jan./16) 9 

          parent is Higgs = tau 
          parent is Z 
          parent is overlay 
(normalized to 1) 

𝐸PFO (GeV) 

selecting charged PFO 
as a seed for 
tau clustering 

Low energy particles are almost overlay objects (and from Z). 
I decided the threshold for seeds as 𝑬𝐏𝐅𝐎 > 𝟐 GeV. 



Optimizing kT clustering 
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          perfect (using MC) 
          visible mass (no kT) 
          kT with R = 1.4 
          kT with R = 0.9 
          kT with R = 0.5 

Plot of the visible mass after tau selection. 
(Z mass) = (visible mass after tau selection) for ideal, 
but contaminated by overlay objects. 
I checked R = 0.5 - 1.4 (every 0.1), 𝑹 = 𝟎. 𝟗 was optimum. 

𝑀vis (GeV) 



Cut-based Analysis: Cut Flow 
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Cut 0 (pre-cuts): # of q = 2, # of 𝜏+ −  = 1 
Cut 0.5 (basic cuts): 
8 <= # of tracks <= 70, 140 < 𝐸vis < 580, 110 < 𝑀vis < 575, 
𝑃𝑡 > 60, thrust < 0.99, 𝐸𝜏𝜏 < 320, 𝑀𝜏𝜏 < 300, cos 𝜃𝜏𝜏 < 0.65, 
50 < 𝐸𝑍 < 395, 10 < 𝑀𝑍 < 375, 30 < 𝐸col < 450, 5 < 𝑀col < 360 
Cut 1: # of tracks <= 67 
Cut 2: 𝑃𝑡 all > 5 
Cut 3: thrust < 0.94 
Cut 4: cos 𝜃thrustaxis < 0.86 
Cut 5: cos 𝜃miss < 0.99 
Cut 6: cos 𝜃𝜏𝜏 < 0.56 
Cut 7: log10 𝑑0sig 𝜏+ + log10 𝑑0sig 𝜏− > −0.3 
Cut 8: log10 𝑧0sig 𝜏+ + log10 𝑧0sig 𝜏− > 0.3 
Cut 9: 𝐸𝑍 > 190 
Cut 10: 70 < 𝑀𝑍 < 110 
Cut 11: 110 < 𝑀col < 140 cut for collinear approximation: 

most important in this case 



Cut Table & Results 
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remained Nsig = 515.2, Nbkg = 143.7 
𝑆

𝑆 + 𝐵
= 𝟐𝟎. 𝟏𝝈 ↔

Δ 𝜎 × BR

𝜎 × BR
= 𝟓. 𝟎% 

not so changed than previous (4.9%) 


